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Why grid computing?
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Research across sciences is |
not homogeneous ’553 ‘%‘ Nuclear
. [ | Physics
. . High Energy
Requirements of computational, Physics l“

and storage resources may
vary even in the same field of
science.

| Neuroscience

- Materials Science
Astrophysics

>

Computational needs are
bursty due to the alternating of

data acquisition, analysis and l}\} ?A\

writing. "‘ lﬁ%‘
Biological
Sciences

Bioinformatics



Access to computational resources
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Standalone

Limitations

Physical limitations (Ops/sec, RAM Size, etc)
Architecture limitations (x32/x64, OS, etc)




Cluster

Characteristics

Allows the distribution of jobs that can be
executed in parallel over multiple machines.
Allows to have a virtual storage larger than
what a single disk can offer.
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Why an Open Science Grid?
How was it organized before?

- Multiple organizations with their
own cluster hardware

- Hardware dedicated to specific
scientific communities or
experiments

- Scientific communities or
experiments were not using the
hardware all the time

- Smaller scientific communities or
experiments could not own/
access these kind of resources




Some statistics about the OSG

- 124 Sites ! 0 wo; "rn;,'_a_‘ N
« 100,000 hours of B, . P s Y

CPU per day
- 100 TB of data
transfers per day
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OSG Software

(Gratia)
Grid Accounting
Service

Gratia
Probe
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Gratia Web

» Gratia Web is a web application that
let users visualize accounting
iInformation.



Gratia Web

Hours Spent on Jobs By VO
14 Days from 2015-04-02 to 2015-04-15
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M minos [ nova M glow [J bne H gm2
[ minerva [ gridunesp M alice B aif @ mars
[Jlarlnd [ lariat M seaquest [0 Cther B cdms

Maximum: 2,858,890 Hours, Minimum: 394,946 Hours, Average: 2,264,010 Hours, Current: 394,946 Hours



State of the software (2014-06)

- 6 Different types of plots available

- Horizonta IBar
- Stacked Bar
- Stacked Line
- Cumulative
- Pie
- Quality Map

- Plots are generated on the server side
- 230 Predefined views available



Horizontal Bar

Average Job Runtimes
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Stacked Bar

* CPU Hours By Facility

14 Days from 2015-02-07 to 2015-02-20
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M Cther | JUSCMS-FNAL-WC1-CE4 ] USCMS-FNAL-WC1-CE3 . MWT2 [ OU_OSCER_ATLAS

M Purdue-Rossmann Ewr2 MBNL _ATLAS 1 [ ed-gatewayl B ar cms 128

[IBNL_ATLAS 5 [CJUSCMS-FNAL-WC1-CE2 M AGLT2 SL6 B NET2 B MIT_CMS

[IFNAL GPGRID 3 [CIBNL_ATLAS 3 MFNAL_GPGRID_OPP 3 [CIBNL_ATLAS 4 M FNAL_CDFOSG_2

Maximum: 3,167,383 , Minimum: 1,498,245 , Average: 2,422,420 , Current: 1,498,245



Stacked Line

Count of Running Jobs by Queue

1 Weeks from 2015-02-18 17:00 to 2015-02-20 17:00
L] L L] L] L] L] L]

Running Jobs

M group_atlas. analysis short
[0 Cther
[Jgroup_gatekpr.prod.analy
M group_atlasanaly

[0 analysis

05:00 09:00 13:00 17:00 21:00 01:00
Time
LI group_atlas. analysis.long I default
M group_atlas.prod production [ ams.wicgpledge.pilot
[ group_cmsuser [ group_cmsanalysis
M group_t1_production B ams.lcgadmin
W ans [0 group_nova

Maximum: 234,651 , Minimum: 0.00, Average: 176,928 , Current: 170,679

05:00 09:00 13:00

M group_grid

M other
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Cumulative

Cumulative Number of Jobs By Facility
14 Days from 2015-02-07 to 2015-02-20
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M Other (2,197,620) LI MWT2 (1,504,489) 1 FNAL_CDFOSG _2 (437,518)
[ BNL_ATLAS 5 (266,057) B BNL_ATLAS 3 (249,671) [ BNL_ATLAS 4 (241,255)
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I CIT_CMS_T28B (169,430) M OUHEP_0SG (163,759) [ GLOW (110,768)

Total: 7,601,878 , Average Rate: 6.28 /s

2015-02-19

W FNAL CDFOSG 1 (311,018)
M FNAL_GPGRID 3 (227,007)

[J NETZ (203,154)

[J FNAL_GPGRID_QUOTA 3 (181,837)
M OU_OSCER_ATLAS (105,260)



M atlas (3,550,674)
B minos (248,001)
[ alice (75,711)

[l mu2e (33,883)

Job Count by VO (Sum: 7,601,443)
14 Days from 2015-02-06 to 2015-02-20

L lcms (1,269,611)
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I cdf (595,161)
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M osg (517,390)

[ minerva (105,054)
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Il nova (398,842)
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M microboone (35,989)
B darkside (12,322)
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Transfer Quality by User
14 Days from 2015-02-07 to 2015-02-20
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Known Issues

- Missing documentation.

- Stabllity iIssues due to high memory usage

- Unknown issue was making the service
unusable after a phew days, and it required
to be restarted very often.

- Software was not being maintained by
OSG. However it was being used.



My Contributions

« Add documentation for users and
developers

- Increase the modularity of the software
package

- Improve the reliability

- Increase the performance

- Add new more dynamic
visualizations(Google Charts)

- Include additional filtering/formatting in
Views



Documentation

« All OSG software must be documented.
However, Gratia Web didn't had documentation.

« New documentation for administrators

- How to install and configure Gratia Web
- How to add and customize new queries

- New documentation for developers

- Document common practices like RPM
building and preparing a release

- Usage of Eclipse + PyDev to make
development more efficient



Reliability

- Analyze resource consumption: memory,
network connections.

- Fix a blocking connection bug that made the
service non responsive

- Inclusion of a service in charge of prevention
of connection overload of to the database.



Performance

- Some queries to the database where
running slow.

- The queries where optimized to use in a
better way the database indexes.

- This resulted in a three times speed up.



User Interface

- Gratia Web was made 10 years ago, and javascript
support was not implemented (WEB 2.0)
- Inclusion of javascript libraries and widgets to improve
user experience
- reduce the page area by using collapsible menus
- facilitate the selection of input values for dates and
time spans
- Differentiate empty results from database connectivity,
overload, and configuration errors



JQuery Ul-Accordions

Gratia Events Graphs

Count of Running Jobs by Facility
OSG Current Free Space By Facilitv
Count of Total Jobs by Facilitv
Count of Waiting Jobs by VO

Number of Jobs Submatted by User
Number of Jobs Started by User
Number of Jobs Finished by User
Number of Condor Errors by User
Number of Events Bv Event Code

Data Queries

Site Wall Clock Report
vo_lookup

s12k_score

site_list
vo_oium_corrected_table
vo_list

VO and Facility Usage Table

vo_corrected table
wn tahla

Gratia Events Graphs

Site Wall Clock Report
vo_lookup

sizk score

site list

vo_oim_corrected table

vo list

VO and Facility Usage Table
vo_corrected table
vo_table

Pie Chart

Glidein and Campus Grid Bar Graphs
Bar Graphs

Real-Time Graphs

Transfer Bar Graphs

Cumulative Graph

GridScan Graphs



JQuery Ul-Calendar

. Fo-Ir-URIUT I F-LARLNU.TNAL DUV - ULUT-U3 . ro-ir-ariur
] FG-IF-GRIDFTP-MINOS [ rutgers-cms W Cther
£ USCMS-FNAL-WC1-CE3 B FG-IF-GRIDFTP-ARGONEUT

Maximum: 720,111 GB, Minimum: 167,068 GB, Average: 366,926 GB, Current: 302,022 GB

variables
Name Value

protocol :

facility '

vo [ |

transfer_direction(in|out]| both)‘ BOTH |

starttime /[2015-04-14 00:00:00 I

exclude-facility ‘ « N April~ 2015~ ) -

Sspan ‘ Sun Mon Tue Wed Thu Fri Sat '

endtime ‘ 1 2 3 4 | 0100

exclude-vo ‘ 5 6 7 8 9 10 11 | 0200

Query again 12 13“ 15 16 17 18 | 03:00

Download results in CSV format Bl 2022 B 4 > o4
26 27 28 29 30 05:00

Show metadata
Show table of results -




uery Ul-Autocomplete

Maximum: 720,111 GB, Minimum: 167,068 GB, Average: 36

Variables

| Name [ Value |
protocol . |
facility - |
VO - |
transfer_direction(in|out|both)|[BOTH \
starttime 2015-04-14 00:00:00 |
exclude-facility INONE|Generic|Obsolete
span 86400 \|
endtime 3600 (1 Hour)
exclude-vo 86400 (1 Day)

| Query again | 604800 (1 Week)

2592000 (1 month, 30 days)
Download results in CSV format

Show metadata
Show table of results




Opportunistic Usage
Filtering

- In the OSG a VO can own resources where their users
have priority to run jobs.

- However, users that don't own resources can use
resources that are not owned by themselves if the
owner is not using them. This is called opportunistic
usage.

- VO Ownership of resources data is not stored inside
Gratia DB.

- Gratia Web joins information from multiple databases
to present relevant information.

- A new filter that lets the user easily filter Gratia
Information by opportunistic and owned usage types
was included.



Google Charts

- Inclusion of Google Charts TreeMap

- Inclusion of Google Charts equivalents for all
the visualization types available before

- Previous Maplotlib plots were not removed they
are still available

- More interactive/customizable plots



Google Tree Map

Wall Hours & Efficiency Map

Total Wall Time[Hours]: 16,010,539.10 Total Efficiency[%]: 67.45

Wall Hours &amp; Efficiency Map

[l GLow (3,900,616.03, 86.92)
B MuzE (624,266.18, £3.13)
lL1GO (312,652.10, 76.50)
[ MARS (196,551.41, 90.64)
[icecuse (92,381.75, 41.87)

[ LARIAT (10,709.15, 44.52)
[l courp (720.37, 15.96)

UCHICAGO-CONNECT (48.55,
5.88)

[l ARGONEUT (0.03, 0.00)

OSG-CONNECT (3,696,015.12,
49.38)

[l MINERVA (S68,519.89, 77.73)

MICROBOONE (308,827.63,

56.41)
[ LARIND (168,185.32, 82.80)

DUKE-CONNECT (71,231.90,
84.49)

[l =cc (2,558.98, 0.53)

[l oEs (604.54, 22.22)
[l ATLAs (1.27, 11.70)

[l &rTe (0.00, 0.00)

[ osG (2.126,995.60, 63.79)
[l MinOS (510,647.13, 90.30)
[l DUNE (250,582.41, 78.55)

[l coms (156,188.55, 57.60)

ATLAS-CONNECT (22,659.66,
48.78)

[l SEAQUEST (1,855.60, 47.5€)

[ ANNIE (137.23, 93.31)

[l ozero (0.12, 0.00)

[ rova (1,302,877.43, 46.64)
[l coF (215,743.52, 96.50)

[ cms (247,001.73, 47.86)

[ DARKSIDE (99,578.41, 44.83)
[l sBGRID (19,994.70, 82.02)

Bomz2 (1,221.20, 65.82)

[ FerMILAB (61.42, 5.00)

[ vumix (0.10, 0.00)



Stacked Bar

CPU Hours per Project
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[l seLInTER (706,652) [} SOURCECODING (681,279) [l TG-18N130001 (681,051) [l z2o0QMc (502,554)
[l 2ms (359,889) [l e10GRAPH (285,094) PLiGo (225,374) [l sEQ2FuUN (152,806)
CPDARKMATTERSIMULATION
cs55) [l 2MORPHOUSORDER (52,943) [J]18N120001-PLUS (38,696) [l ouke-QGP (17,427)

ATLAS-ORG-UCHICAGO

[l FUTURECOLLIDERS (12,824)  [IMS-EINDRC (12,192) 6.525)
.929

[ TG-AST150044 (7,820)

Wl nsnm (7,770) [l s8GRrRID (7,273) [l FREESURFER (2,008) [l oT=ERS (18) (5,997)

Maximum: 553,440.38, Minimum: 176,526.16, Average: 318,710.88, Current: 176,526.16



Stacked Bar Options

CPU Hours per Project
160,000

120,000
80,000

40,000

2016/04/25 2016/05/02

[l SPLINTER (706,652) [l 7G-18N120001 (681,051)

Maximum: 242,568.88, Minimum: 46,172.30, Average: 115,641.55, Current: 142,155.659



Cumulative/Stacked Line

Cumulative Hours Spent on Jobs By VO
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30,000,000
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Computation Time [Hours]

Bl =t/=s (96,054,250)
.glou (4,999,912)
Bzlice (1,467,779)
[l sbgrid (130,404)
.nanohub (14,709)

A

>

_/_—_

I

2016/04/25

) <™= (85,006,124)

[l nova (3,710,638)
Bilc (1.025,352)

[l microboone (102,747)

) st=r (2.840)

2016/05/02

W osg (24,114,827)

B gridunesp (2,673,434)
[l hec (574,690)

[l 05G-Connect (61,266)

Bligo (2,213)

[lfermilab (20,299,688)
[ dosar (1,882,702)

B des (524,130)

W icecube (15,538)

[ oTHERS (5) (1,461)

Maximum: 38,438,643.54, Minimum: 2,561,808.54, Average: 22,225,762.01, Current: 38,438,643.54
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Wall Hours by VO

| RSV SOURCECODING
910,197 (12.6%)

[l 7G-18N120001 (544,507)

[l sEQ2FuN (747.420)

[l 7G-GEO150003 (335,981)

[l ouke-QGP (63,687)

. TG-AST150044 (16,736)

. SOURCECODING (910,197)

[l c10GRAPH (638,310)

BLiGo (312,652)

[l 1en130001-PLUS (50,595)

B nsnm (16,687)

870,407

[l SPLINTER (877,585)
BAms (571,101)

CPDARKMATTERSIMULATION
p45,615)

Bl RICEPHENOMICS (26,916)

[l Ms-EINDRC (15,528)

[l z20qQMcC (870,407)

Bl FUTURECOLLIDERS (438,693)
[l AMORPHOUSORDER (70,846)

ATLAS-ORG-UCHICAGO
@2,657)

[ oTHERS (17) (46,033)



Quality Map

Transfer Quality by Facility
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ynamic Interaction

Save Current Chart Configuration Reset Chart Configuration
| Chart Size Export Group Selection On/Off Options Others Group Data Table Colors & Border
Select Groups: SPLINTER X || TG-IBN130001 X Clear Selection
Exclude Groups: i X Clear Selection
Select Trendlines: | | SPLINTER X Clear Selection

http://gratiaweb-itb.grid.iu.edu/gratia/



Conclusions

- The Gratia service collects usage information from
computing resources and scientific collaborations in the
Grid.

- Gratia Web allows users to visualize the collected
information.

- | iImproved Gratia Web by:

- Adding documentation for users and developers

- Increasing the modularity of the software package
- Improving the reliability

- Increasing the performance

- Including new more dynamic visualizations (Google
Charts)

- Including additional filtering/formatting in views



Future Directions

- Is SQL still a good tool to analyze and store the accounting

data?
- Are there new technologies better suited to store/analyze/

visualize the accounting Data of the OSG?
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Thanks

Questions?
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